The current study presents a packed column gas chromatographic technique for the estimation of glycerin using a flame ionization detector from a marketed hair tonic in presence of resorcinol, ethanol, biotin, keratin hydrolysate, undecylenic acid alkylolamide (hyalkyl HBU), D-biotin, nicotinic acid, and polyvinylpyrrolidone. The validation studies show the proposed method to be specific, sensitive, precise, and accurate. The method is found to be linear in the concentration range 1.25 mg/mL to 10.02 mg/mL with 2 value 0.99. The limit of detection and the limit of quantitation were 0.01 mg/mL and 0.05 mg/mL, respectively. The method does not involve any complex sample preparation procedure and is therefore suitable for regular analysis of glycerin from marketed hair tonic.
Introduction
Glycerin is a trihydroxy alcohol having a number of commercial applications. It is colourless, odourless, syrupy liquid having a sweet taste and finds wide applications in many liquid pharmaceutical formulations [1] . Other applications include its use as a lubricant and humectants and in cosmetics [2] [3] [4] . It is used in almost all types of personal care products including medicated hair tonics [2] . It has also been tried in nursing pig diet [5] and diet of bulls. It is an important by-product obtained through biodiesel production [6] . In case of pharmaceutical formulations glycerin is manly used as an excipient [1] and variation in proportion may potentially affect the usefulness of such formulations. As humectants in cosmetic formulations and in hair tonics where it has been used as an active ingredient [7] a variation in the proportion of glycerin may spoil the quality of the product. A proper validated quantification technique for glycerin from hair tonics is therefore essential.
An extensive literature review presents a large number of methods for the estimation of glycerine. Apart from chemical analysis [8, 9] other methods include its estimation from biodiesel using EASI-MS technology or other food and pharmaceutical formulations [10, 11] and glycerin fatty acid esters [12] and using enzymatic reactions [13] . Most of the methods involved a chromatographic technique which may be either high performance liquid chromatography [14] or a gas chromatography-mass spectroscopic technique [11] or capillary gas chromatographic technique [15] . These methods in general are costly and time consuming as most of these methods involved the preparation of a derivative [16] and subsequent quantification of the analyte. In this study we have developed a simple, rapid, precise, accurate, and cost effective technique for the quantification of glycerin in presence of complex matrix comprising resorcinol, ethanol, biotin, keratin hydrolysate, hyalkyl HBU, D-biotin, nicotinic acid, and polyvinylpyrrolidone. The sample preparation is very simple and does not involve any steps for preparation of derivatives. The process is therefore suitable for routine analysis of glycerine from hair tonics. 
Material and Methods

Preparation of Solutions
Glycerin Stock Standard Solution.
The glycerin stock standard solution was prepared by dissolving 31.32 g of glycerin standard in 100 mL water (solution A). This solution was diluted in series to obtain solutions of concentrations 1.25 mg/mL to 10.02 mg/mL. This same solution was spiked into sample solution for carrying out the recovery study. A five-point calibration curve was drawn for linearity study and for quantification purpose (Figure 1 ). Each dilution of the stock was injected in triplicates ( Table 1 ). The least square method was used for the curve fitting purpose.
Test Solution.
The test solution was prepared by diluting the sample hair tonic in water to obtain a solution of concentration 5.0 mg/mL of glycerin in water.
Chromatographic Condition.
We used glass column 2 m × 3 mm packed with acid-washed silanised, flux-calcined siliceous earth coated with 10% diethylene glycol succinate column. The column temperature or the oven temperature was 200 ∘ C throughout a single run. The detector and the injector port were maintained at 280 ∘ C. We used Chemito packed injector port for analysis. The carrier gas flowrate was 30.00 mL/min. The air flow was 37.50 mL/min and the 
Validation of the Developed Method.
The analytical method was validated as per USP [17] and ICH guidelines [18] . The studied parameters are specificity, accuracy, precision, linearity, range, robustness, and system suitability studies. To ensure reliability and accuracy of the proposed method, recovery studies were carried out by mixing a known quantity of the standard solution with the sample at three different levels (80%, 110%, and 120% of assay value) with preanalyzed samples and contents were reanalyzed using the proposed method. Precision of the method was studied by making six injections of the standard solutions. The linearity of the method was established by triplicate injections of standard solution in the concentration range of 1.25 to 10.02 mg/mL. The intraday precision was calculated using six injections at the higher concentration range (10.02 mg/mL) on the same day. This study was repeated on three consecutive days to obtain the interday precision. The limit of detection (LOD) and the limit of quantitation (LOQ) were determined from injections of progressively low concentrations of standard solution under optimized chromatographic conditions [19] . Ruggedness of the method was studied by carrying out experiment on instruments of different make. The robustness of the method was determined by making slight changes in chromatographic conditions like oven temperature, detector temperature, and carrier gas flowrate.
2.6. Statistical Analysis. The statistical analysis was carried out on Sigma plot software (Version 8.02 SPSS Inc., USA) and MS Excel 2007. The data were processed and recorded as mean ± standard deviation of replicate measurements.
Results and Discussion
3.1. Method Development. The GC method was developed as a sensitive and robust screening procedure. The objective was to develop a sensitive and rapid gas chromatographic technique for the quantification of glycerin from marketed hair tonic formulation. We selected a marketed hair tonic containing 10 mL/100 mL glycerin. The average runtime was about Advances in Pharmaceutics 12 minutes and glycerin elution occurred at about 6 minutes. In order to impart simplicity we used a single step dilution procedure using water as diluent in the sample preparation step. In order to achieve higher sensitivity the injection volume of 1 L was found optimal for the procedure and the sample was diluted to a concentration of 5.0 mg/mL. For packed column analysis of glycerin using the proposed method, a better sensitivity was observed with water as diluent. In order to achieve further sensitivity slight changes in the chromatographic conditions like the injector and the detector temperature have been made before achieving the optimized condition. The chromatogram presented in Figure 2 (b) presented sufficient resolution between analyte and the closely eluting peaks.
Method Validation.
The presented gas chromatographic technique has been validated as per ICH Q2 (R1) guidelines following external standard method as discussed earlier.
System Suitability.
System suitability was evaluated to verify if the chromatographic system was adequate for performing the analysis. The approximate results were theoretical plates ( = 12461), capacity factor ( = 3.98), peak asymmetry, or tailing factor ( = 1.79). The peak asymmetry observed does not affect the accuracy, precision, and the sensitivity of the method as observed from further study on method validation and the values for these parameters were satisfactory in accordance with the literature [17, 18] (Table 2) .
Linearity and
Range. The linearity [18] was determined with standard solutions in concentration range 1.25 mg/mL to 10.02 mg/mL. The curve fitting was linear with regression factor 2 = 0.99 and equation = 907.60 −509.90 (Figure 1 ). The limit of detection (LOD) and limit of quantitation (LOQ) were determined in order to understand the minimum detectable amount and quantifiable amount of glycerine from the respective solutions. For standard solutions the values for LOD and LOQ were found to be 0.01 mg/mL and 0.05 mg/mL, respectively (Table 2) . Therefore, LOD and LOQ of this method presented the sensitivity of the procedure within the range of analysis under consideration. 
3.2.3.
Accuracy. The accuracy [18] was established across the range of concentration under study. In our study the accuracy of the method was analysed on the basis of recovery study. Three different spiked solutions at concentration range of 80%, 110%, and 120% of the calculated assay value of the sample were prepared. The 80% solution was prepared by appropriately diluting the sample stock solution and the 110% and 120% solutions were prepared by spiking the sample stock with known amount of the standard stock solution (solution A). The results presented an accuracy of 99.91% to 100.80% with %RSD 0.67 ( Table 3 ). The results presented accuracy over the range of study [19] .
Precision.
In our study the precision [18] was calculated on the basis of repeatability and intermediate precision. Six The recovery study is carried out over three-concentration range. sample solutions at 100% of test concentration were separately prepared from the hair tonic received as gift sample and analyzed using the analytical procedure under study. The intermediate precision was obtained by triplicate injections of the same solution on three different days. The intraday and interday precision values were calculated using the standard curve used for sample analysis (Figure 1 ). The intraday precision presented an assay value of 9.63 mL/100 mL with %RSD value of 0.17 and for interday the assay varied from 9.59 mL/100 mL to 9.64 mL/100 mL with %RSD 0.16 to 0.21, respectively, making the analytical procedure precise within the range of study.
Specificity.
The representative chromatogram of the sample (Figure 2(b) ) presents sufficient resolution between the analyte peak and closely eluting peaks and no appreciable interference of the unknown components with the analyte peak. This renders the method to be specific [18] for the analysis of glycerin in presence of other components present in the sample matrix.
3.2.6. Robustness. The robustness [17] of the method was studied with variations of analyst, instruments, and solution stability on different storage conditions. The variations were also carried out in the column or oven temperature used in analysis. The results were found within tolerance limits ( Table 4 ). The results of this robustness study (Table 4 ) presented the method to be robust for the analysis of resorcinol from any formulation at a concentration as low as 0.05 mg/mL −1 ( Table 2 ).
Conclusion
The developed gas chromatographic method was simple, rapid, sensitive, precise, and selective for the estimation of glycerin from hair tonic formulation containing glycerin as one of its component. The method was validated in terms of linearity and precision in the studied concentration range as per ICH guidelines. The retention time of glycerin was only 6.05 ± 0.21 minutes and there was sufficient resolution between the analyte peak and closely eluting peaks. Thus we can conclude that this method can be used for routine analysis of glycerin from marketed hair tonic formulations containing glycerin.
